L-section matching circuits are used for various applications. Such circuits can be advanced to provide notch responses to suppress undesired spurious signals. The design guide that allows integration of notch responses in the L-section matching circuits is presented. With given impedance at the targeted matching frequency and notch frequencies, a matching circuit with the spurious signal suppressing notches can be simply designed based on the closed-form equations provided. A composite lowpass filter (LPF) based on the image parameter method is composed of two matching sections and two filter sections. Replacing conventional matching sections with the proposed L-section matching circuits, an LPF with spurious signal notches can be realised. The proposed matching circuit and filter with spurious suppression notches will bring an added dimension of design freedom for modern communication systems that demand stringent out-of-band requirements.
L-section matching with notches: The L-section matching circuits are well analysed and the closed-form design equations are available that can be simply used to design them. Therefore, the L-section matching circuits are popular in broad applications [1] . There are two configurations for the L-section matching circuits. One is composed of a series inductor and shunt capacitor. The other one consists of a series capacitor and shunt inductor. If a series arm of an L-section matching forms parallel resonator and a shunt arm has a series resonator, the matching circuit can be designed to provide two TX zeros (or two stopband notches) at two desired frequencies. Fig. 1 shows the circuit diagram of the proposed L-section matching circuit. The circuit has matching functionality as well as spurious signal suppression capability at two targeted frequencies. The closed-form equations for the proposed L-section matching with two arbitrarily spaced notch responses are provided in the following equations:
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where Z 0 is the system impedance prior to the transformation. R and X are the real and imaginary impedances transformed by the proposed L-section matching circuit, respectively. ω 1 and ω 2 are the angular harmonic suppression notch frequencies from the series arm and shunt arm of the matching circuit, respectively. ω 0 is the target frequency of matching. Fig. 1 Circuit diagram of the L-section matching with spurious signal suppression notches
The closed-form equations, (4)- (7), are calculated by simultaneously solving four equations for four unknowns (L 1 , L 2 , C 1 , and C 2 ). Equations (6) and (7) are from two angular harmonic notch frequencies, ω 1 and ω 2 . The remaining (4) and (5) are from known targeted real and imaginary impedances, R and X. Based on these equations, circuit parameters of the L-section matching with notches are calculated. If there is no harmonic suppression notch on the shunt arm of the L-section matching, B is 1. On the contrary, C is 1 when there is no notch on the series arm of the L-section matching. Fig. 2 shows the comparison between the conventional L-section matching (matching condition: Z 0 = 31 Ω at ω 0 = 800 MHz) and the proposed L-section matching with notches (matching condition: Z 0 = 31 Ω at ω 0 = 800 MHz, ω 2 = 1.6 GHz and ω 1 = 2.1 GHz notches). Harmonic suppressing LPF: Fig. 3a shows the circuit diagram of the conventional composite LPF based on the image parameter method [1] [2] [3] . The cutoff frequency is 1 GHz. It is cascaded with two m-derived matching sections, constant-k section, and m-derived sharp cutoff section. Replacing the matching section with the proposed L-section matching, a novel composite LPF with spurious signal suppression notches is realised. Fig. 3b shows the circuit diagram of the proposed composite LPF with two notch responses. In this design, notch frequencies are set to 1.6 and 2.1 GHz to suppress the interference with GPS and LTE B4. The design process of the proposed composite LPF with notches is as follows:
(i) Design constant-k section and m-derived sharp cutoff section [1] .
(ii) Plot an image impedance of filter sections from step i. (iii) With given notch frequency locations (1.6 and 2.1 GHz in the proposed filter) and the image impedance from step ii, calculate circuit parameters of the proposed L-section matching from (1) to (7). (iv) Add the designed L-section matching with harmonic suppression notches to each end of the filter as shown in Fig. 3b . Fig. 4 shows the implemented composite LPF with spurious signal suppression notches and its dimensions. The proposed L-section matching section is realised with surface mounting (SMT) components. The lumped components in constant-k section and m-derived sharp cutoff section are converted to microstrip lines using TX line's even/odd mode analysis and slope parameter theory [3, 4] . The fabricated composite LPF with notches is shown in Fig. 5 . The LPF is fabricated on RT/duroid 5880 laminate (ε r = 2.2, h = 20 mil) and Murata 0402 size inductors and capacitors are used for realisation of the L-section matching with spurious signal suppression notches. Fig. 6 shows the simulated and measured S-parameters results of the proposed LPF. Overall, the measured S-parameters show good agreement with the simulated results. The slight discrepancies between notch frequencies and depth are due to the use of discrete SMT components and fabrication errors. 
